Abstract. The 24-h urinary excretion and renal clearance of thyroxine (T4), 3,5,3'-triiodothyronine (T3), 3,3',5'-triiodothyronine (rT3), 3,3'-diiodothyronine (3,3'-T2), and 3',5'-diiodothyronine (3',5'-T2) were measured in 17 healthy subjects. The median urinary excretion was (pmol/24h) T4: 1242, T3: 828, rT3: 12.9, 3,3'-T2: 331, and 3',5'-T2: 5.8. The corresponding renal clearances were in median (ml/min) T4: 31, T3: 133, rT3: 15, 3,3'-T2: 683, and 3',5'-T2: 4.5. The clearances differed mutually (P < 0.01) as well as from the creatinine clearance (P < 0.01) which was in median 87 ml/min. Thus, all iodothyronines studied were subject to tubular transport mechanisms besides glomerular filtration. The 3 iodothyronines with 2 iodine atoms in the phenolic ring of the thyronine molecule, T4, rT3 and 3',5'-T2, were mainly tubularly reabsorbed, whereas those with only one iodine atom in the phenolic ring, T3 and 3,3'-T2, were mainly tubularly secreted. It might be hypothesized that the number of iodine atoms in the phenolic ring determines the direction of the tubular transport (presence of 2 iodine atoms is associated with tubular reabsorption, and of one iodine atom with secretion), whereas the rate of tubular transport decreases with decreasing number of iodine atoms in the tyrosylic ring.
port decreases with decreasing number of iodine atoms in the tyrosylic ring.
The amount of the different iodothyronines ex¬ creted in the urine has been found to vary con¬ siderably, suggesting active renal handling (Faber et al. 1981) . Measurements of renal clearance of thyroxine (T4), 3,5,3'-triiodothyronine (T3) , and 3, 3',5'-triiodothyronine (rT3) Rogowski et al. 1978 Rogowski et al. , 1980 , suggesting tubular reabsorption, whereas T3 clearance was approximately 150% of the creatin¬ ine clearance (Shakespear & Burke 1976; Rogow¬ ski et al. 1978; Yoshida et al. 1980) suggesting tubular secretion.
The aim of the present study was to obtain further knowledge on the renal handling of the iodothyronines in man. Thus, we compared the renal clearance of 5 iodothyronines, T4, T3, rT3, 3,3'-diiodothyronine (3,3'-T2) , and 3',5'-diiodothyronine (3',5'-T2) , and the creatinine clearance in euthyroid healthy subjects measuring all clear¬ ances in each individual.
Material and Methods

Participants
The study population consisted of 17 euthyroid healthy subjects, 12 men and 5 women, aged 22-79 years, median 62 years. The subjects were members of the hospital staff or were living at a municipal nursing home for elderly people. None of the subjects studied received any medication known to affect thyroid or renal function or thyroid hormone metabolism, and none suffered from any acute or chronic somatic di¬ sease besides cerebral arteriosclerosis which was the common diagnosis in the old subjects. All had normal renal function as evaluated by serum creatinine and none had albuminuria as evaluated by Albustix®, i.e. less than 100 mg/1 urine.
The urine was collected as 24-h specimen, and blood samples were drawn at the end of the urine sampling, at (Kampmann et al. 1974 ).
Laboratory methods
The serum concentrations of the iodothyronines were measured by RIAs as earlier described (Faber et al. 1978a (Faber et al. , 1979 . The free fraction of the iodothyronines were measured by an ultrafiltration method as recently described (Faber et al. 1984) . The concentration of free iodothyronine in urine was also measured by RIAs as earlier described (Rogowski 8c Siersbaek-Nielsen 1977; Faber et al. 1978b Faber et al. , 1981 (Faber et al. 1981) .
Serum and urinary creatinine were estimated using a 1 echnicon Auto-analyzer (Technicon Instruments, San Francisco, CA). ably. Especially the excretion of rT3 and 3',5'-T 2 was markedly lower than for the other iodothyro¬ nines. All 17 subjects studied had measurable urinary concentrations of T4, T3 and 3,3'-T2, whereas the urinary concentration of rT3 and of 3',5'-Tj was below the limit of detection of the RIA in 8 and 2 subjects, respectively. In these subjects, the urinary concentration was assigned to the detection limit (6.45 pmol rT3/l and 1 pmol 3',5'-T2/l, respectively), and these values were used for further calculations.
The renal clearance of creatinine and of the iodothyronines is given in (1.7-13.8) Renal clearance of iodothyronines in 17 healthy subjects (median (range)). (Meinhold & Visser 1980) . As a consequence, the serum rT3 levels were reduced to a similar magni¬ tude as the urinary rT3 values. Urinary excretion of 3,3'-T2 and 3',5'-T2 was similar to previously reported values from our laboratory (Faber et al. 1981 ).
Our data show that the urinary excretion of iodothyronines in man is highly dissimilar sug¬ gesting active renal handling. We have found that T4, rT3 and 3',5'-T2 all have a renal clearance well below the creatinine clearance indicating that these iodothyronines, besides glomerular filtra¬ tion, predominantly are tubularly reabsorbed. In contrast, the high renal clearance of T3 and es¬ pecially of 3,3'-T2 indicates that these two iodo¬ thyronines, besides glomerular filtration, mainly are tubularly secreted.
In some individuals, the clearance of 3,3 '-T2 probably is higher than the inulin clearance.
Further, we have recently demonstrated a higher concentration of 3,3'-T2 (and 3',5'-T2) in the hu¬ man renal vein than in the artery, indicating a net renal production of these diiodothyronines (Fa¬ ber et al. 1980 ). These two observations demon¬ strate that there seems to be a significant de novo production of 3,3'-T2 in the human kidney. This is supported by several in vitro findings of high enzymatic T3 and rT3 to 3,3'-T2 deiodination activity in the kidneys (Chopra et al. 1978) , and Yoshida et al. (1983) recently found the highest enzyme activity in renal cortical tubules. Further, the reabsorption of T3 seems to take place in the proximal tubule, whereas the secretion seems to take place in the distal tubule (Yoshida et (3,5-diiodothyronine (3,5-T2, 3-and 3'-monoiodothyronine (3-and 3'-Ti), and thyronine (To)) it might be expected that each of these compounds are secreted into the tubulus, and that 3,5-T2, 3-Ti and To are secreted with increasing intensity.
Although clearances of these iodothyronines have not been measured, some data are available which allow an evaluation of these clearances.
Concerning 3,5-T2, the serum levels in our labo¬ ratory are 105 pmol/1 (Kirkegaard et al. 1981b) and the urinary excretion 276 pmol/day (Hommel et al. 1985) . Assuming that the free fraction in serum of 3,5-T2 is similar to that of the other T2s
( (Kirkegaard et al. 1981a ), sug¬ gesting renal excretion to be a major pathway of elimination of 3'-Ti. Assuming that 10% of the daily production of 3'-Ti (which is approximately 30 nmol/day (Faber et al. 1982) ) is eliminated in the urine, that the serum concentration is 55 pmol/1 (Kirkegaard et al. 1981a) , and that the free fraction of 3'-Ti is 5.7% (Smallridge et al. 1979) , then the calculated clearance of 3'-Ti is 655 ml/ min. This suggests a significant tubular secretion of this iodothyronine as well.
In conclusion, our data are compatible with the following hypothesis: Both the number and the position of the iodine atom in the thyronine molecule determine the degree and the direction of the tubular transport of iodothyronines in the human nephron. The direction of the tubular transport is determined by the number of outer ring iodine atoms, whereas the magnitude of tubular transport is determined by the number of inner ring iodine atoms.
